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A COMPARISON OF THE DIRECT ACTION OF ESTROGEN AND
ADRENAL CORTICAL EXTRACTS ON GROWTH OF HAIR
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The inhibition of growth of hair by the percutaneous use of 17-hydroxy-li-
dehydrocorticosterone, also designated as Compound E but more recently known
as cortisone, was first reported by Whitaker and Baker in 1948 (1). It was found
that within three weeks after daily treatments with this material, hair ceased to
grow in the portion of skin treated. The hair follicles became atrophic (2, 3) and
remained so while subjected to the hormone for limited periods of time, but re-
sumed activity soon after the treatment was stopped. This effect was believed to
have resulted from the direct local action on the tissue involved without the par-
ticipation of any other organ. Subsequently, it was found that desoxycorticoster-
one and its acetate (4) alcoholic adrenocortical extracts and other C-il oxygen-
ated steroids (5) also would inhibit growth of hair locally with varying degrees of
effectiveness. Previously, Williams and his colleagues (6) had applied estrone
directly to a limited area of skin of the dog and found inhibition in growth of hair
to occur only in the area treated. On the contrary, after the adrenal glands are
removed from the rat, generalized overgrowth of hair ensues (7).
The discovery that under certain experimental conditions both adrenocortical
and estrogenic steroids are capable of inhibiting growth of hair by direct action
raises several basic questions regarding their manner of action. It is with these
questions that this report is concerned. (1) Will estrogens inhibit growth of hair
locally in the rat as they are reported to do in the dog? (2) If they do, what is
their growth-inhibiting potency as compared with adrenocortical steroids? (3)
When the rate of hair growth is accelerated by adrenalectomy, are the adrenocor-
tical and estrogenic steroids equally effective in retarding the growth of hair by
local action? Our observations on the rat will be correlated with presently avail-
able information on the relationship of the adrenal cortex to the piliary system of
man.
MATERIALS AND METHODS
The standard procedure employed in this series of studies has proven to be
quite adequate for comparing the effectiveness of various materials used. The
animals used were Long-Evans female rats (except for Exp. 3 in which the rats
were males) between 90 and 150 days of age, chiefly with a hooded coat pattern.
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Butcher in 1934 (8) reported that the growth cycle of the hair follicles of the
rat extends through about 5 weeks. The hair grows for about 17 days after which
the follicle is quiescent for a similar period. This activity is regional, that is, all
the follicles in one area are synchronized. Furthermore, the bilateral symmetry of
the regional pattern of hair growth in the rat is of distinct advantage to this
study because a disturbance of that symmetry during treatment indicates a
positive effect by the hormone employed.
The pattern of the replacement of hair was determined by clipping the hair
from the dorsal and dorso-lateral aspects of the neck and making subsequent ob-
servations. The hair was removed weekly and sketches or photographs were made
one week after each clipping. Figure la illustrates the pattern of the growth dur-
ing the preceding seven days in a control animal. Two weeks later the pattern in
FIG. I. Adrenal cortical extract
la. Control animal treated with 25% alcohol. lb. After 4 weeks of treatment with ACE
on right side of neck. lc. Treatment continued 4 weeks after adrenalectomy.
this animal was reversed. That is, the follicles in the median area were active
while those in the lateral area were quiescent.
When it became apparent early in the study that estrogen applied directly to
the skin was being absorbed into circulation and was inhibiting growth of hair by
systemic action, the hair was clipped weekly from the entire right side of the
estrogen-treated rats and replacement of hair observed weekly in this region
also.
One-tenth ml of the hormone preparation was applied lightly each day to an
area approximately 1 inch square on the right dorso-lateral aspect of the neck.
The solvent only was used in an identical manner on the control animals. The
adrenal extract employed was dissolved in 25% alcohol. One ml was equivalent
to 1 mg of cortisone by the liver glycogen test.2 The estrogens used were estrone3
2 The adrenocortical extract used was furnished by Drs. W. H. Haines and M. H. Kui-
zenga of the Upjohn Company.
Estrone was furnished by Dr. D. A. McGinty of Parke, Davis and Company, and
alpha-estradiol by the Schering Corporation.
a n a?
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and alpha-estradiol3 in various dosages ranging from 1 to 100sg per day. 50 and
100% alcohol were used as solvents for the estrogens. Twenty-five per cent alco-
hol could not be employed because of the lower solubility of the estrogens. This
difference in solvents used for the adrenal and estrogenic hormones does not in-
validate the comparisons to be made because it has been shown (9) that adrenal
hormones are effective local growth inhibitors when dissolved in 50 or 100%
alcohol. In some experiments with estrone a mixture of 5% sesame oil and 95%
absolute alcohol was used in order to duplicate as closely as possible the experi-
TABLE I
Effect of adrenocortical extract on hair growth
Inhibition from 4th wk. to 8th. Re-
growth after cessation of treat-
ment.
5 25% ale. No effect.
4 ACE in 25% alc. Local inhibition at 4th wk. Adrenal-
ectomized at 4th wk. Local inhibi-
tion persisted with continued treat-
ment.
4 ACE in 25% ale. Inhibition at 4th wk. continued for
8 wk. duration.
ACE = adrenocortical extract equivalent to 100 pg cortisone per day.
mental conditions under which Williams, et al., (6) induced local inhibition in
growth of hair in the dog. Tables I and II give additional information regarding
the number of animals, dosages and duration of treatment.
RESULTS
Adrenocortical extract (Table I). Application of adrenocortical extract in 25%
alcohol equivalent to 0.1 mg of cortisone daily to the right dorso-lateral aspect of
the neck resulted in a suppression of hair growth in the treated area (Experiment
2, Table I). This effect first became evident during the second or third week. It is
DURATION NO. OF RATS HORSIONES
6
EXP. NO.
1
2
ACE in 25% ale.
wks.
8
8
RESULTS
3 25% ale. No inhibition.
3 12 7 ACE in 25% ale. Inhibition on 2nd wk. Adrenalectomy
at 5th wk. Local inhibition con-
tinued to 12th wk. of treatment.
2 25% ale. No inhibition. General heavy over-
growth after adrenalectomy at 5th
wk.
4 25% ale. No inhibition.
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TABLE II
The effect of estrone and e-estradiol on hair growth
EP. NO. DURATION NO. OR RATS HORMONE (DAILY DOSE) RESULTS
4
win.
11 4 20 sg a-estradiol in
50% ale,
Generalized suppression of hair
growth.
3 50% alc. No inhibition.
5 11 5 1 sg a-estradiol in
50% ale,
Erraticlocalinhibitionforlto4wks.,
followed by overgrowth in 2 rats
during treatment.
4
3
10 a-estradiol in
50% ale.
50% ale.
Four successive wks. of general inhi-
bition. One showed local suppres-
sion only for 4 wks.
No inhibition.
6 21 7
6
6
10 sg a-estradiol in
50% ale.
General suppression at 3 wks. Ad-
renalectomy of 3 at 6 wks. resulted
in general heavy growth up to end
of treatment period.
5 sg a-estradiol in
50% ale,
A general suppression was followed
by moderate cyclic growth after 15
wks. in the intact animals.
50% ale. No inhibition. Adrenalectomy of 4
was followed by generalized, ac-
celerated continuous growth.
7
8
10
10
6 2 ig estrone in a
mixture of 5% Se-
same oil and 95%
absolute ale,
Five showed a suppression in treated
area beginning at about the 5th wk.
and lasting 2 to 4 wks. This was
followed by normal cyclic patterns.
4
3
3
3
3
% sesame oil and
95% absolute ale.
2 jsg estrone in alco-
hol-oil mixture
2 g estradiol in al-
cohol-oil mixture
2 pg estrone in abso-
lute ale.
2 pg estradiol in ab-
solute alc.
No inhibition.
Results similar to those in Exp. 7—
no consistent inhibition of growth
but a disturbance of the normal
cycles. Excess growth followed a
brief period of suppression. No dif-
ferenee between these 4 groups.
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TABLE II—(Continued)
REP. NO.
9
DURAIION
wks.
11
NO. OF RATS
6
HORMONE (DAILY DOSE) RESULTS
5 zg estrone in oil-
ale, mixture
In one animal excess growth in the
treated area for a brief period was
followed by 2 wks. of suppressed
growth. Others were normal.
11 4 Alcohol-oil mixture No inhibition.
10 7 8 lOQug estrone in ab-
solute ale,
Generalized cessation of hair growth
at 4 wks. when 4 animals were ad-
renalectomized. Under continued
treatment these 4 showed general
regrowth.
7 4 Absolute ale. No effect on hair pattern. Two ad-
renalectomized at 4th wk. exper-
ienced general continuous hair
growth.
illustrated by a photograph (Figure ib) made at the fourth week. By the end of
the fourth week all 8 animals showed Complete local hair suppression. Adrenalec-
tomy of 4 of the animals at that time resulted in heavy general (not patterned)
growth except in the treated area which remained in a suppressed state for the
following four weeks of treatment (Figure ic).
Experiment 3 (Table I) was essentially a repetition of Experiment 2 but male
animals were used and adrenalectomy was done on the fifth week. The results
were the same. In both experiments the controls were entirely unaffected by the
treatment with 25% alcohol after adrenalectomy and in the control animals hair
grew profusely throughout the area under observation including the area treated
with alcohol.
In summary, adrenocortical extract inhibits growth of hair only in the area of
application and continues to be effective in the face of the stimulation resulting
from adrenalectomy. There is no skin reaction and no superficial damage evident
grossly. The skin feels thinner after prolonged treatment, which is in accord with
the descriptions of connective tissue changes described by Baker and Whitaker
(2) and Castor and Baker (3).
Estrogens (Table II). Alpha-estradiol used in a similar manner in a dosage of
10 or 20 sg per day failed to induce an inhibition in growth of hair which was
limited to the area of application (Experiments 4, 5, 6). In contrast to the strictly
local action of adrenocortical extract, estrogen in this dosage range suppressed
the growth of hair on the left side of the neck and also on the side of the body.
These observations show that at doses less than the equivalent ones of adreno-
cortical extract, the estrogen was absorbed into the blood and was systemically
active. This general suppression of hair growth became evident at about three
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weeks (Figure 2b). One hundred pg of estrone per day (Experiment 10) had the
same effect.
Also, in contrast to the action of adrenocortical extract, removal of the adrenal
glands during the period of treatment resulted in a general growth of hair all over
the body including the treated area (Experiments 6, 10) (Figure 2c). Thus, under
these circumstances, estrogen is completely incapable of counteracting the stim-
ulating effect of adrenalectomy in the rate of growth of hair, even when used
locally. Baker and Whitaker (11) also found adrenalectomy to accelerate the
rate of hair growth in rats in which it had been suppressed by the subcutaneous
administration of estrogen.
Since it was believed that the general suppression of hair growth induced by
estrogens might mask their local action, smaller doses were employed. One
FIG. 2. Estrogens
2a. Fifth week of treatment with 2 pg estrone daily. 21). Three weeks of treatment with
10 pg estradiol. 2e. Ten pg estradiol daily for 8 weeks after adrenaleetomy.
(Experiment 5) or 2 pg (Experiments 7, 8) of estrone per day proved to be in-
effective in producing a general suppression. With a mixture of 5% sesame oil
and 95% absolute alcohol as a solvent (Experiments 7, 8, 9) there was no general
suppression and no consistent local inhibition though the latter condition ap-
peared in a transient manner (Experiments 7, 8) (Figure 2a). A similar erratic
inhibition of hair production at the site of application of 1 pg of estradiol was
seen in the animals of Experiment 5.
DISCUSSION
This study demonstrates the existence of several important differences in the
manner by which the adrenal and estrogenic hormones inhibit gro\vth when
applied directly to the skin. First, the growth-inhibiting action of the adrenal
steroids is limited precisely to the area of application; in contrast, the estrogens
at even lower doses are absorbed into the circulation and exert a general growth-
inhibiting effect. The most logical explanation for this finding is that the two
4, 1l.•
nil 2r4
2c
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groups of compounds are utilized or inactivated at different rates and in different
loci in the body. Adrenal steroids are known to be utilized at a phenomenally
rapid rate in the peripheral tissues of the stressed animal (10) and it is to be
presumed that in the normal animal this rate is comparatively rapid also. On the
other hand, it is accepted generally that estrogens are inactivated by the liver.
Thus, one might infer that when adrenal hormones are placed on the skin they
are utilized promptly in that region, whereas estrogens are taken into the blood
stream and transported throughout the body before being inactivated by the
liver. Results here reported show that estrogen applied to the skin may inhibit
growth of hair by systemic action in the same manner as when given subcutane-
ously. Twenty or even 5 jg per day applied to approximately 1 square inch of
skin retards hair growth on the untreated, as well as on the treated areas under
observation. It appears that the adrenal cortical hormones of t.he 11-oxygenated
steroid series may inhibit growth of tissue by direct action without the mediation
of any other organ. These hormones may be regarded as exerting either a catabolic
or an anti-anabolic effect in this regard.
The mode of action of estrogen in retarding growth of hair in rats has been dis-
cussed elsewhere (11). It was shown that the generalized suppression of hair
growth which follows the subcutaneous administration of estrogen is possible only
when the adrenal glands are present. Since the same general effect is produced by
adrenocorticotropic hormone (ACTH) (12), the attractive hypothesis presented
itself that estrogen stimulates the anterior pituitary gland to produce ACTH at
an increased rate. The elevated output of adrenal cortical hormone from the
stimulated adrenal gland might result in the retardation in growth of hair
generally. The fact that hair growth cycles were disturbed, even though not elim-
inated in the area of skin treated with estrone or estradiol at the lower dose levels,
gives some reason to doubt that estrogens must act only by way of the pituitary
gland and the adrenals in the rat. An alternative mode of action may lie in a
"synergistic" action, by which the adrenal cortical hormones make more effective
the inhibiting capacity of estrogen. The failure of locally applied estrogen to act
in the adrenalectomized animal agrees with this hypothesis. Recently completed
experiments of Ingle and Baker (19) have shown that subcutaneous administra-
tion of sub-effective doses of adrenal extract concurrently with estrogen to adren-
alectomized rats enables the estrogen to inhibit growth of hair. Excluding the
possibility that the effects of the two hormones are summated, these findings in-
dicate that the presence of circulating adrenal hormones is necessary in order to
permit estrogen to inhibit t.he growth of hair.
Our failure to find in the rat a suppression in growth of hair limited to the area
treated with estrogen is surprising, in view of the observation by Williams, Gard-
ner and Dc Vita (5) that estrone did exert a local inhibitory effect on the dog. In
our work, large doses up to 100 g per day produced generalized inhibition of
hair growth. Small doses of 1 to 2 g per day showed no consistent effect either
systemically or locally. Even the same concentration of the same estrogen and in
the identical solvent used by Williams and his colleagues failed. This would sug-
gest a species variation in responsiveness to this treatment.
The concept of the physiological relationship of the adrenal cortex to growth of
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hair in the rat, as developed in this presentation, cannot be applied to man with-
out modification. In contrast to the acceleration in growth of hair induced in the
rat by excision of the adrenal glands, impairment of adrenal function in Addison's
disease (15, 16) or by adrenalectomy in man (17) results in loss of pubic and axil-
lary hair. In contrast, also, subcutaneous injection of cortisone into man induces
a mild hirsutism (18). Likewise, the direct application of adrenal extract to the
skin of man has failed to suppress the growth of hair (9). There is not now avail-
able an explanation which will clarify these differences between the effects of
adrenal cortical secretions on the piliary system of the rat and man.
Clinical studies have given rise also to conflicting results on the use of estrogens
in the attempt to reduce hirsutism in women. Mussio-Fournier and his colleagues
(13) announced that 60 of the 100 cases of hirsutism benefited from the local
application of "1 olliculin". On the other hand Whitaker, et a!., (14) found no
inhibition whatsoever in the rate of hair production in women with excess facial
hair. In the latter studies women of a wide range of age were treated either with
estrone or estradiol in alcohol or in a face cream for periods ranging from 4 to 6
months. No effect was observed by the use of dosages ranging upward to those
which would produce observable systemic effects. The subjects had no known en-
docrine imbalance, whereas the subjects of Mussio-Fournier were apparently
selected from a gynecology clinic. It is conceivable that the discrepancy may be
due to the fact that the gynecological patients were in fact receiving a systemic
benefit which was made evident in part by the reduction in hypertrichosis. This
idea is not supported by the fact that the area of improvement was limited to the
region treated, however. Is it likely that this local effect in the 60 per cent of his
subjects was due to a synergistic action between the applied estrogen and a possi-
ble heightened level of circulating adrenal hormone?
SUMMARY
1. Adrenal cortical extract (containing the equivalent of 1 mg cortisone per
ml) applied in daily doses of .1 ml to the skin of the rat effectively prevents any
growth of hair in the area treated for at least 12 weeks. Adrenalectomy does not
prevent this effect though it stimulates growth of hair generally.
2. Aipha-estradiol applied in the same manner in daily doses of 5 g or more
depresses equally the rate of hair growth over the body. In doses of 1 or 2 ug
daily there is no general effect but an inconsistent transient, local inhibition in a
few animals for a short period. Adrenalectomy eliminates these effects.
3. Differences in the modes of action of these steroid hormones are discussed
and related to the available data on the human response.
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